Open Agriculture. 2017; 2: 280-291 were mentioned respectively by 43 %, 21 % and 20 % of households as their preferred varieties. All households consumed OFSP roots. However, more than 50% of households consumed OFSP from April to October. Fifty six percent of households sold OFSP roots which generated an average income of 48 USD per household per year. The use of lowland areas for vine conservation has increased and vine management has improved. Consequently, production area has increased by 23%, root yield has increased by more than 100%, from 6.0 t/ ha as average national yield to 15.5 t/ha, average yield for the survey, and the period of consumption from own production has also increased to seven months. Awareness campaigns will continue to promote year round production of OFSP. Abstract: The objective of this study is to evaluate the use of lowland areas for vine conservation to improve the availability and access of planting material during the main planting period and subsequently improve access to Orange Fleshed Sweetpotato (OFSP) roots for consumption and income. The study was implemented in 8 districts in Niassa province in early December 2015, among 271 households (HH), where 77% of these households had children under 5 years and 34% of the respondents were women. These households were selected randomly among households that had received OFSP planting material between 2013 and 2015. Data about vine conservation, use of lowland areas, OFSP consumption and income from OFSP were collected and analyzed using SPSS. Results were compared with the baseline survey results from 2013. Eighty seven percent of households have access to lowland areas. The households using lowland areas for vine conservation increased from 41% in 2013 to 58% in 2015 and the use of small garden plots from 14% to 26%. The households conserving vines in upland fields dropped from 56% in 2013 to 7% in 2015. About 53% of households still planted in June (beyond the main planting season) while 24% continued to plant year around. However, cultivation on small plots dominated from March to December, mainly for vine multiplication. Delvia, Irene and Gloria varieties
Introduction
Malnutrition, particularly vitamin A deficiency (VAD) affected 44% of children under five years of age in Niassa province, northern Mozambique in 2013 2. The International Potato Center (CIP) in collaboration with four developmental partners are promoting the use of new orange-fleshed sweetpotato (OFSP) cultivars introduced in 2013 in fighting VAD in Niassa province through agriculture and nutrition interventions. The main aim of the collaborations is to contribute to the reduction of malnutrition to 30% in Niassa province by 2019. Sweetpotato is the third most important crop in Niassa province after maize and beans (CIP-Irish Aid Baseline Survey 2013). Sweetpotato is mainly consumed as a breakfast dish in the rural areas. Sweetpotato is beginning of the rainy season and subsequently improves access to OFSP roots for consumption and income.
Materials and methods
A survey was done in 8 districts of Niassa province in December 2015. The districts are Lago, Sanga, Muembe, Chimbunila, Lichinga, Mandimba, Cuamba and Mecanhelas (Fig 1) . The altitudes vary from 500 to 1,450 masl.
Soils are mainly fertile. However, yearly wild fire makes some areas very degraded iron soils. The plateau of Niassa has daily maximum temperatures ranging from 22.7°C to 29.3°C, with an annual average maximal mainly planted during the rainy season from December to February and harvested from April to June. During the dry period most of the households left the vines drying in the field after the harvest without any form of conservation for the next season. However, one of the greatest challenges is the non-availability of planting material at the beginning of the planting season (Barker et al. 2012) . But the lowlands with continuous humidity during the dry season exist over the high plateau of Niassa province. Nevertheless, these lowlands were under-utilized. Households have less understanding of the potentiality and use of lowlands. The objective of this study was to evaluate the use of lowland areas for vine conservation. Using lowlands improves the availability of and access to planting material at the Approximately 271 households (HH) were drawn from all the districts. Seventy seven percent of the HH had children under 5 years of age and 34% of the respondents were women ( Table 1 ). The HH were selected randomly from all households that had received OFSP planting material between 2013 and March 2015. The HH had already planted OFSP and had experience on the usefulness of lowland. Data about vine conservation and the use of lowland areas were collected and analyzed. OFSP production, consumption and income were also considered to get an overview of the impact of the lowland use. Figure 3: Changes in vine conservation methods because there was high rainfall received from January to March (Figure 2 ). Also during the planting period for conservation from April -May, many of the lowlands were still wet. Another appropriate vine conservation method is using small garden plots near the house, mainly for HH without lowland. This practice increased from 14% to 26% on average (Fig 5) . The increase was seen more in Chimbunila from 19% to 50%, followed by Mecanhelas (3% to 22%), then by Lago (8% to 23%), Lichinga (19% to 33%) and Sanga (23% to 36%).
The HH conserving vines in upland fields dropped from 56% in 2013 to 7% in 2015 ( Figure 6 ). HH at Sanga and Chimbunila districts totally abandoned vine
Vine conservation
The principal methods used by HH in vine conservation during the dry season are: planting in the lowlands, in the house garden and/or leaving vines in the upland field until the next season. After 29 months of project implementation, changes in vine conservation methods were observed (Figure 3) The households using lowland areas for vine conservation increased from 41% in 2013 to 58% in 2015. Cuamba households shifted from 24% to 71% during the period, followed by Muembe and Mandimba (Figure 4 ). Change in using lowland in Lichinga district increased by only 3% while at Chimbunila district, it decreased around. This could be capitalized using irrigation facilities. The area planted to OFSP by HH was small, demonstrating that the beneficiaries of the project were small farmers.
OFSP plantation
HH surveyed planted OFSP in total area of 106,126 sqm (Table 2 ) with an average of 392 sqm per household.
Eighty four percent of HH planted in January and 76% in February (Figure 7 ). Approximately 30% of households planted in large plots, i.e. more than 400 sqm. More than 50% of HH planted in April, May and June which was the period of starting the planting in the lowlands for conservation in upland fields which reduces considerably weevils' proliferation. Lichinga district had the highest households using the upland field as vine conservation with 17%, followed by Mecanhelas (11%) and Lago (10%).
Shifting from the upland field to lowland vine conservation was evidenced by more access to OFSP vines during the main planting period from December to February. Subsequently, planting OFSP in lowland for vine production and conservation resulted in increased roots availability, accessibility and use during the hunger period from November to February for small households. Using home garden was a good option for household without lowland or with high risk of animal destruction in the upland fields. Twenty four percent of HH planted all year The total size of plots of more than 1,000 sqm covered 46% of the planted field, with 59%, 57%, 54%, 46%, 44% and 41% in Lago, Lichinga, Mandimba Cuamba, Mecanhelas and Sanga districts respectively. vine conservation while 24% of households continued to plant year around. However, cultivation on small plots dominated from March to December, that means households plant mainly for vine multiplication.
In term of size, the largest plots used by surveyed HH reach 5,000 sqm and the smallest was 10 sqm. Thirty five percent of households planted in plots less than 150 sqm each, corresponding to 7% of the total area of 106,126 sqm cultivated by the surveyed households (Figure 8 ). Thirty nine percent of HH used plots between 150 sqm to 400 sqm and 10% HH planted on plots more than 1,000 sqm and occupied 46% of area. However, storage root yield ranged from 5.0 to 58.3 t/ha. Five percent of HH had storage root yield of 5 t/ha, while 47% of HH (18%<24.0 t/ha, 13%<36.0 t/ha and 16%>36.0 t/ ha) had at least the double of national average yield of 6.0 t/ha, i.e. 12.0 t/ha (Figure 9 ).
OFSP yield
The objective of the project was to reach a yield of 9.0 t/ ha. The average storage yield production was 15.5 t/ ha, which was higher than the objective of the project. 
OFSP Consumption
OFSP production for family consumption was the first objective for HH. All households consumed OFSP roots at different periods. The total quantity of OFSP consumed by these households reached 85,720 kg with an average of 344 kg per household. More than 84% of the households consumed OFSP roots during the harvest time, i.e. in May-June-July where 92% households consumed OFSP in June. However, more than 50% of households consumed OFSP from April to October (Figure 11 ) Considering once a week OFSP consumption, the lowest percentages of consumption Bela had the highest average root yield of 32.2 t/ha, followed by Sumaia, Delvia and Gloria with 16.8 t/ha, 16.0 t/ha and 15.4 t/ha respectively (Table 4) .
Delvia, Irene and Gloria were grown in all districts (Table 4) . These three varieties were also respectively preferred by 43%, 21% and 20% of HH (Figure 10 ). During the first year evaluation with the households. These 3 varieties were present and appreciated in term of taste. Bela variety has the highest yield (Table 4) , but was less vigorous with a low survival rate. However, both taste and yield were good during the evaluation. Sumaia variety always has high yield in most of the districts. However, the taste was less appreciated. with increased nutrient adequacy of the diet. A score below four (<4) is associated with poor dietary diversity, a score of 4-5 is a medium dietary diversity, while a score of six (6) and above indicates adequacy nutrient intake. In summary, and per Kennedy et al. (2011) , the HDDS is meant to provide an indication of household economic access to food, as the items that require household resources to obtain, such as condiments, sugar and sugary foods, and beverages, are included in the score, while the individual scores are meant to reflect the nutritional quality of the diet. The low dietary score decreased from 25% to 14% and 63% to 23% respectively for HH and individual. The high dietary score increased from 46% to 61% and 25% to 38% respectively for HH and individual. The medium individual dietary score increased as well from 12% to 38%.
OFSP market
OFSP market has developed in Niassa province despite planting on small sized plots by most HH. Comparing the household production destination, 38% (52,310 kg) of a total production of 138,030 kg went to the market (Table  2) . Fifty six percent of households located at all districts sold OFSP roots, i.e. 151 households, where 20% of them were in Lago and 5% in Lichinga district (Figure 14) . occurred in February (15%) and January (17%) where OFSP roots are not available.
In comparison with the baseline surveys, results in figure 12 indicate that consumption of OFSP roots two times or more per week increased by 8% to 13% from September to December, which was the harvest period of the OFSP planted from April to July. This showed that production and conservation of vine is possible in the lowlands. Access to OFSP improved in comparison to the baseline survey. The plantation from April to September in lowlands contributes to the availability of and access to OFSP roots during the difficult period from October. OFSP roots access in January and February were still very limited.
As indicated by the Household Dietary Diversity Score (HDDS) and the Individual Dietary Diversity Score (IDDS), the project contributed to improve the dietary diversity given the contribution of OFSP is significant coupled with the nutritional education ( Figure 13 ). Dietary diversity has been used as a proxy for qualitative measurement of food consumption through the evaluation of household's access to different groups of foods (HDDS), and as reference for nutrient adequacy at the individual level (IDDS) (Sindi et al. 2013) . In general, individuals within the households are asked to provide the number of foods over a reference period, most of the time over 24-hour period. Furthermore, a simple count is conducted, and a high score is related 
Conclusion
The use of lowland areas for vine conservation has increased the vine availability, vine agronomic management and accessibility. Vine multiplication and conservation are already done in the lowlands at the intervention zone. Consequently, production area has increased by 23%, root yield has increased by 100%, in relation to the objective of 9.0 t/ha. The period of consumption from self production has increased to seven months and the dietary diversity score has increased. More effort should be done for the 28% of household having yields of less than 9 tons per hectare and households are encouraged to optimize the exploration of their lowland to improve access to foods during the hunger period, to improve their diets, and to improve their income while the market is opened from September to February. Processing into puree for bread production also gives opportunity for sustainability of market all year around.
The Provincial Agriculture and Food Security Department is pushing vine multiplication at the lowland from April to July 2016 in all the districts of Niassa province. This initiative would be supported to make the OFSP vines available and improve the access to planting material at the beginning of the rainy season, and subsequently, improve access to OFSP roots for consumption and income.
However, households at Cuamba and Mandimba districts represented 29% of the sellers and in total sold 50% of OFSP.
With an average of 346 kg of OFSP sold per household, April to July was the period where more than 29% of the households sold their roots (Figure 15 ). Two percent of households sold OFSP over the year.
The total value of the OFSP sold reached 262,665 MZN corresponding to 7,293 USD with an average of 48 USD per household who sold OFSP (1 USD=36 MZN during the assessment).
The market was open from September to March and OFSP prices rose during this period. This gave an incentive for farmers who had lowland for OFSP production. The survey results showed that sold OFSP generated an average income of 48 USD per household per year. This figure decreased due to the exchange rate where one USD corresponded to 36 MZN during the survey period while the Mozambican meticais has decreased drastically now and consequently affected the income. With good agronomy and expanded areas under OFSP production, Niassa Province has the capacity to produce OFSP for other provinces in Mozambique, especially the south where drought is a perennial challenge. This could help fighting VAD in the whole country.
Briefly mention the OFSP puree value chain development here in one paragraph. Why the puree work was started, who has been involved, what is the feedback from bakers and what are current bottlenecks and opportunities. 
